Abstract Midlife elevated blood pressure and hypertension contribute to the development of Alzheimer's disease (AD) and overall dementia. We sought to estimate whether angiotensin-converting enzyme AGE (2013) inhibitors (ACE-Is) reduced the risk of developing mild cognitive impairment (MCI) in cognitively normal individuals. In the Italian Longitudinal Study on Aging, we evaluated 1,445 cognitively normal individuals treated for hypertension but without congestive heart failure from a population-based sample from eight Italian municipalities with a 3.5-year follow-up. MCI was diagnosed with current clinical criteria. Dementia, AD, and vascular dementia were diagnosed based on DSM-IIIR criteria, NINCDS-ADRDA criteria, and ICD-10 codes. Among 873 hypertensiontreated cognitively normal subjects, there was no significant association between continuous exposure to all ACE-Is and risk of incident MCI compared with other antihypertensive drugs [hazard ratio (HR), 0.45, 95% confidence interval (CI), 0.16-1.28]. Captopril exposure alone did not significantly modify the risk of incident MCI (HR, 1.80, 95% CI,). However, the enalapril sub-group alone (HR, 0.17, 95% CI, 0.04 -0.84) or combined with the lisinopril sub-group (HR, 0.27, 95% CI, 0.08-0.96), another ACE-I structurally related to enalapril and with similar potency, were associated with a reduced risk of incident MCI. Study duration exposure to ACE-Is as a "class" was not associated with incident MCI in older hypertensive adults. However, within-class differences linked to different chemical structures and/or drug potencies may exist, with a possible effect of the enalapril and lisinopril sub-groups in reducing the risk of incident MCI.
Introduction
Epidemiological evidence links hypertension to cognitive decline (Qiu et al. 2005; Peters and Beckett 2009) . Both longitudinal and cross-sectional studies suggested that elevated midlife blood pressure or hypertension contribute to the development of Alzheimer's disease (AD) and overall dementia, although this effect is weaker in the years preceding dementia onset (Panza et al. 2010) . In particular, hypertension at baseline was related to greater cognitive decline or mild cognitive impairment (MCI) (Panza et al. 2010) . However, blood pressure reduction in randomized controlled trials (RCTs) demonstrated a complex association with reduced cognitive function, supporting the hypothesis that mechanisms beyond the blood-pressurelowering effect of antihypertensive medications may be involved. In fact, several RCTs examined the impact of different antihypertensive drug classes, also including ACE-Is, upon cognitive function, incident dementia, or both, although not as a primary outcome, with conflicting results (Forette et al. 2002; Tzourio et al. 2003; Lithell et al. 2003; McGuinness et al. 2006; Birns et al. 2006; Peters et al. 2008; McGuinness et al. 2009; Staessen et al. 2011) .
The nature of the involvement of the renin-angiotensin system (RAS) in AD remains controversial; a combination of preclinical and clinical evidence demonstrates abnormalities in this system that have the potential to exacerbate the disease (Kehoe and Wilcock 2007; Kehoe et al. 2009 ). Clinical studies investigating whether angiotensin-converting enzyme inhibitors (ACE-Is) and/ or angiotensin receptor blockers (ARBs), which inhibit the production and action of angiotensin II, respectively, merit consideration as a treatment for cognitive decline have yielded contrasting findings (Forette et al. 2002; Tzourio et al. 2003; Ohrui et al. 2004a ; Khachaturian et al. 2006; Peters et al. 2008; Sink et al. 2009; Li et al. 2010) . Currently, large-scale clinical trials of ACE-Is in AD and cognitive decline are lacking (Weiner et al. 1992; Sudilovsky et al. 1993; Louis et al. 1999; Ohrui et al. 2004b ). In other small observational studies of individuals with MCI, ACE-Is slowed cognitive decline and reduced progression to AD (Hajjar et al. 2005; He et al. 2006; Rozzini et al. 2006 Rozzini et al. , 2008 . ACE-Is are described collectively as a "class" of drugs, but in reality, this classification is one of convenience based solely on their biological function which is the inhibition of ACE. Indeed, in some cases, these drugs are not only structurally similar but have similar potency (e.g., IC 50 on ACE0enalapril 1.9 nM and lisinopril 1.5 nM) (Brown and Vaughan 1998) . However, some studies have sub-grouped these drugs for analytical purposes according to their penetrance of the blood brain barrier (BBB) which would be expected to be important for diseases such as AD, but there are conflicting reports on the penetration of some ACE-Is (Jackson et al. 1987; Gohlke et al. 1989; Cushman et al. 1989; Tan et al. 2005) , questioning the validity of this manner of sub-grouping ). Instead, in the present study, we opted to subgroup drugs according to their chemical structures, which offers less ambiguity in some respects, although the potential for differential pharmacological profiles remains (Thind 1990; Ranadive et al. 1992) . Our rationale is supported by evidence that the sulfhydryl containing molecules (e.g., captopril) have beneficial antioxidant properties (Westlin and Mullane 1988) , but that sulfhydryl containing drugs tend to have similar clinical adverse reactions (Jaffe 1986 ) which bias prescription rates in some groups. Using a large, population-based cohort, we investigated whether ACE-Is collectively as a "class" and as sub-groups according to their chemical structures and drug potencies, compared with other antihypertensive agents and beyond the natural course in time of the hypertension, reduced the incidence of MCI in cognitively normal individuals.
Methods

Setting
The data of the present study were derived from the Italian Longitudinal Study on Aging (ILSA), the methods of which, including the first and second survey data collection, have been described elsewhere (Solfrizzi et al. 2004) . Briefly, 5,632 subjects aged 65-84 years, free-living or institutionalized, were randomly selected from the electoral rolls of eight Italian municipalities after stratification for age and gender. In each of the eight centers, stratification was carried out by equal allocation strategy: four age groups of 88 subjects (65 to 69, 70 to 74, 75 to 79, and 80 to 84 years old) stratified by gender were randomly identified. The data presented have been derived from the first (March 1992 to June 1993 , prevalence day: March 1st, 1992 and second (September 1995 to October 1996 , prevalence day: September 1st, 1995 prevalence survey studies (Solfrizzi et al. 2004 ). The study project was approved by the Institutional Review Board of the eight municipalities. Informed consent was obtained from each subject before enrollment.
Clinical examination
Cases of coronary artery disease (CAD) (myocardial infarction or angina pectoris), type 2 diabetes mellitus, hypertension, stroke, and congestive heart failure (CHF) were identified by a two-phase procedure, utilizing clinical criteria described in detail elsewhere (Solfrizzi et al. 2004) . Phase 1 saw subjects undergo clinical evaluation and a series of brief screening questionnaires and tests to identify cases for further investigation. In Phase 2, identified cases were clinically confirmed by standardized clinical examination by a certified neurologist or geriatrician. In particular, the diagnosis of hypertension fulfilled the criteria of the 1988 Report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure (no authors listed 1988) and was based on a screening phase with either a self-reported diagnosis or medical treatment or a recorded mean diastolic value≥90 mm Hg or a systolic value≥140 mm Hg. The values used in the analyses were the mean of the last two of the three sitting blood pressure measurements performed. Phase 2 consisted of a review of clinical records and a further blood pressure measurement with confirmation of the diagnosis. The main screening criteria used for cognitive impairment or dementia were the Mini Mental State Examination (MMSE) (cutoff score<24) (Folstein et al. 1975) or a previous diagnosis reported by the respondent proxy. The MMSE has been previously validated in each of the eight study centers against the Diagnostic and Statistical Manual of Mental Disorders (DSM)-III-R (American Psychiatric Association 1987) clinical diagnosis of dementia; the cutoff score<24 has a sensitivity of 95% and a specificity of 90% (Solfrizzi et al. 2004) . Diagnosis was based on DSM-III-R criteria for dementia syndrome, NINCDS-ADRDA criteria for possible and probable AD (McKhann et al. 1984) , and ICD-10 criteria for vascular dementia (VaD) and other dementing diseases (World Health Organization 1992) . Smoking habits were self-reported on the number of cigarettes smoked and the ages when they started and stopped smoking, from which variable "pack-years" were derived [years smoked*usual number of cigarettes smoked/20 cigarettes per pack]. Abdominal circumference was measured with flexible steel tape to the nearest centimeter, in standing subjects at the level of the umbilicus (Sergi et al. 2005 ).
Mild cognitive impairment diagnosis
For the diagnosis of MCI, we generally adhered to the diagnostic criteria as defined by Petersen and colleagues (Petersen et al. 1999) , with some modifications (Solfrizzi et al. 2004 (Solfrizzi et al. , 2007 , and we did not require subjective memory complaints (SMC), allowing also for the presence of non-cognitive disabilities and comorbid illnesses. We retroactively applied these criteria to the data collected in this study between 1992 and 1995: (1) no dementia; (2) normal general cognitive functioning as assessed by MMSE using age-and education-based norms (this cutoff was calculated by subtracting 1.5 SD from the mean age-and education-adjusted MMSE scores after excluding subjects with prevalent dementia). Elderly subjects with MMSE-adjusted scores greater than this cutoff were considered normal in terms of general cognitive functioning; (3) objective evidence of memory impairment as assessed by a total Babcock Story Recall Test score (immediate plus delayed recall) (Spinnler and Tognoni 1987) in the lowest tenth percentile of the distribution of age-and education-adjusted scores after exclusion of prevalent dementia at entry; and (4) independence in the basic activities of daily living, as measured by Activities of Daily Living scale (ADL) (Lawton and Brody 1969) . In summary, our inclusion criteria to assess the functional status of MCI subjects included (1) subjects with no functional impairment (ADL06); (2) subjects who were slightly impaired (ADL07 or 8) but with no Instrumental Activities of Daily Living scale (Katz and Akpom 1976) impairment; (3) subjects with visual, auditory, or skeletal muscle (i.e., stroke) disabilities compromising ADL, but not cognitive skills; and 4) subjects with ADL impaired by comorbid illnesses (presence of two or more diseases).
Exposure
Many ACE-Is exist and, despite their shared function, can be further sub-divided into three groups based on chemical structures. These include (1) sulfhydrylcontaining ACE-Is structurally related to captopril (i.e., fentiapril, pivalopril, zofenopril, and alacepril), (2) dicarboxyl-containing ACE-Is structurally related to enalapril (i.e., lisinopril, benazepril, quinapril, moexipril, ramipril, spirapril, perindopril, pentopril, and cilazapril), and (3) phosphorus-containing ACE-Is structurally related to fosinopril (Jackson 2001) . It was taken into account that these drugs are not only structurally similar, but some of them have similar potency as for enalapril and lisinopril. We examined subject exposure to the drugs following the collection of a detailed pharmacological history as well as examination of drug boxes following request. Participants determined to already have dementia at the first evaluation were excluded, and analyses were restricted to participants who had treated or untreated self-reported hypertension, participants who were taking antihypertensive medication, or people unaware they had hypertension. Hypertension diagnosis was confirmed in each individual by medical examination. Patients with CHF at baseline were also excluded because of common use of ACE-Is and possible interaction with cognitive performance. A total of 873 non-cognitively impaired individuals were available for the present study (Fig. 1 ).
Statistical analysis
Analyses were performed using SAS statistical software (SAS/STAT user's guide, version 9.1 Cary, NC: SAS Institute, 2004). Continuous variables were examined with t-tests or Mann-Whitney test, and categorical variables were examined using the χ 2 test. We used time-dependent Cox regression analyses to model the relationship of time to the development of MCI in cognitively normal individuals. In fact, the analyses did not meet proportionality of hazards assumptions for ACE-I use, checked by plotting log-minus-log curves. ACE-Is exposure was recorded longitudinally. Cumulative exposure to ACE-Is was defined as the total number of years, within the study follow-up, in which the participant had been continually taking ACE-Is. Time covariate was coded as 0 to indicate no exposure at first and/or second survey, 0 exposure at first survey, and 3.5 for cumulative exposure to ACE-I second survey. Drug use was determined on the basis of no exposure to the other antihypertensive study drugs on entry and over the course of the study. Cohorts who shared similar health profiles were selected to avoid bias due to misclassification. In order to assess the possible mechanism for the beneficial effects of these ACE-Is, we used two different reference ACE-I naive groups: Those who were (1) exposed to other hypertensive medications (calcium channel blockers, beta blockers, and diuretics) and (2) who had untreated hypertension. We adjusted for the use of other antihypertensive medications at each visit to assess the impact of ACE-Is exposure on our outcome measures independent of exposure to other antihypertensive agents. We included people with untreated hypertension because hypertension management contributes to the global risk of incident MCI. Finally, to avoid confounding by multiple indication for ACE-Is use, we restricted our study population to patients treated with these medications, excluding those who, at baseline and during the study period (i. e., new cases), were affected by other diseases such as CHF. In this cognitively normal cohort, we performed secondary analyses considering the enalapril subgroup alone (and the enalapril plus lisinopril combined sub-groups) vs. the captopril sub-group. Exposure to ACE-Is of less than 5 % at baseline was considered in the reference group with other antihypertensive medications (calcium channel blockers, beta blockers, and diuretics). Those who, over the course of the study, changed from ACE-Is to other antihypertensive drugs or were exposed at second evaluation to a new antihypertensive therapy were also included in the reference group of other antihypertensive medications.
Independently of reference groups used, potential confounders of the relationship between ACE-I use and cognition were considered in models partially adjusted for age and gender (Model 1) and in models Fig. 1 Attrition of the study population at the different phases of the survey, Italian Longitudinal Study on Aging, 1992 Aging, -1996 . MCI mild cognitive impairment fully adjusted for age, gender, education, pack-years (0 for smokers and 1 for ever smokers), type 2 diabetes, coronary artery disease, serum creatinine level, and apolipoprotein B to apolipoprotein A1 ratio at baseline as well as history of stroke, history of hypertension, and other hypertension drug use at each wave evaluation (Model 2). Patients with congestive heart failure exposed to ACE-Is were excluded from statistical evaluation
Results
Out of 3,439 participants screened for hypertension, 2,650 (77.1%) were affected, and 38.7% were pharmacologically untreated. Among the different classes of antihypertensive medications, 680 patients (41.9%) took ACE-Is broken down as: 277 exposed to captopril, 252 to enalapril, 71 to lisinopril, 29 to quinapril, 19 to ramipril and fosinopril, 7 to cilazapril, and 3 to perindopril and benazapril.
Of 1,445 subjects longitudinally evaluated for incident MCI, 204 took ACE-Is (Table 1) . Beyond these groups of individuals, 460 persons of the study population were hypertensive and treated with ACE-Is (mean age±SD: 74.81±5.55, 58.6% women), 799 took other antihypertensive medications (mean age 75.5±5.56, 57.8% women), and 395 patients had untreated hypertension (mean age± SD: 74.25±5.74, women 43.5%). Participants determined to already have dementia at the first evaluation were excluded, and analyses were restricted to participants who had treated or untreated self-reported hypertension, participants who were taking antihypertensive medication, or people unaware they had hypertension. Hypertension diagnosis was confirmed in each individual by medical examination. Patients with CHF at baseline were also excluded because of common use of ACE-Is and possible interaction with cognitive performance. A total of 873 non-cognitively impaired individuals were available for this study, while we diagnosed MCI in 73 patients also with hypertension (Fig. 1) . Fig. 1 (continued) Incidence of mild cognitive impairment
The average age at baseline for the 1,445 participants longitudinally evaluated for MCI was 71.9 years, and 43.6% were women. Significant differences in CAD were found between those who were already exposed to ACE-Is (n0204), those untreated for hypertension (n0377, 43.2% of entire cohort), and those who took other antihypertensive medications (n0292) (Bonferroni p-value<0.01) ( Table 1) . Differences were also observed in abdominal circumference and serum creatinine between those exposed to ACE-Is and the other two groups excluding CHF patients (Bonferroni pvalue<0.05) ( Table 1) . Of the 204 participants previously exposed to ACE-Is at baseline, 36% took enalapril, 42% took captopril, 10% took lisinopril, and other ACE-Is were each less than 5%. The characteristics of participants who took the most commonly used drugs (i.e., enalapril vs. captopril) were similar (data not shown). Over a median follow-up of 3.5 years, the exposure to all ACE-Is was 282 person-years, 125 person-years for the enalapril subgroup alone (for the enalapril plus lisinopril combined sub-group, it was 149 person-years) and 100 personyears for captopril. Approximately, 40% of ACE-I users (81 individuals) were continuous users with the same therapy throughout the study period, with no difference in the length of continuous use between those taking captopril and those taking enalapril (χ 2 : 1.41, P00.24). In contrast, exposure to other antihypertensive medications was estimated at 1,803 person-years, and exposure to hypertensive untreated was estimated at 958 person-years. Of 68 incident MCI cases, 50 were exposed to other antihypertensive medications, and 18 were exposed to ACE-Is.
Among hypertensive older adults receiving drug therapy, no difference in risk for MCI was found for continuous exposure to ACE-Is (as a class) compared to other antihypertensive medication users (Model 2: HR, 0.45; 95% CI, 0.16-1.28) or no antihypertensive medication users (Model 2: HR 0.39 95% CI 0.12-1.24). When examined separately by type of ACE-I, continuous exposure to captopril was not significantly associated with incident MCI (Model 2: HR 1.80 95% CI 0.39-8.37) compared to other antihypertensive medication users or to no antihypertensive medication users Fig. 2 ). Combining the group of patients exposed to lisinopril with that exposed to enalapril (because of their high comparability chemically and functionally), a reduced risk of incident MCI was found compared to other antihypertensive medication users (Model 2: HR 0.27, 95% CI 0.08-0.96), as well as to untreated hypertension (Model 2: HR 0.23, 95% CI 0.06-0.92) ( Table 2 and Fig. 2 ).
Discussion
In this study, exposure to ACE-Is as a class was not independently associated with incident MCI in hypertensive elderly people in a median 3.5-year follow-up. Secondary analysis of within-class differences revealed that the sub-group of the dicarboxyl-containing ACE-Is enalapril alone or the enalapril and lisinopril sub-groups combined were associated with reduced risks of 83% and 73%, respectively, of developing MCI, in comparison with other antihypertensive medications. A similar pattern of reduced risk of incident MCI was observed in individuals with untreated hypertension. The reference groups consisted of those (A) who were exposed to other antihypertensive drugs (considering those with untreated hypertension as confounder) or (B) had untreated hypertension (considering those who were exposed to other antihypertensive drugs as confounder)
The statistical analyses were performed in separate models:
1. Cumulative exposure to ACE-Is as a class compared with (A) those who were exposed to other antihypertensive drugs or (B) those with untreated hypertension 2. Cumulative exposure to enalapril and captopril compared with (A) those who were exposed to other antihypertensive drugs or (B) those with untreated hypertension 3. Cumulative exposure of enalapril plus lisinopril and captopril (results not showed) compared with (A) those who were exposed to other antihypertensive drugs or (B) those with untreated hypertension a Model 1: partially adjusted models for age and gender b Model 2: fully adjusted models for age, gender, education, pack-years (0 for smokers and 1 for ever smokers), type 2 diabetes, coronary artery disease, serum creatinine level, and apolipoprotein B to apolipoprotein A1 ratio at baseline as well as history of stroke, history of hypertension, and other hypertension drug use at each wave evaluation. Patients with congestive heart failure exposed to ACE-Is were excluded from statistical evaluation A few small observational and case-control studies of individuals with MCI have suggested that ACE-Is slowed cognitive decline and reduced progression to AD (Hajjar et al. 2005; He et al. 2006; Rozzini et al. 2006 Rozzini et al. , 2008 . The present findings also support some suggestions from secondary analyses in two large stroke-prevention trials Syst-Eur (Forette et al. 2002) and PROGRESS (Tzourio et al. 2003) , where a significant reduction in the incidence of dementia was found with antihypertensive therapies also including ACE-Is. However, the Systolic Hypertension in Europe (Syst-Eur) trial was nitrendipine based, with enalapril as an add-on therapy (Forette et al. 2002) , while in the Perindopril Protection against Recurrent Stroke Study (PROGRESS), dementia incidence was only reduced in the combined perindopril and indapamide sub-group and not for perindopril alone (Tzourio et al. 2003) . On the other hand, the perindopril findings were not replicated in another large trial (Hypertension in the Very Elderly Trial cognitive function assessment. HYVET-COG) in very old subjects with hypertension (Peters et al. 2008) , and two systematic reviews by the Cochrane collaboration found "no convincing" evidence that blood pressure lowering in late- Fig. 2 a Smoothed hazard estimates of mild cognitive impairment (MCI) according to cumulative exposure to angiotensinconverting enzyme inhibitors (ACE-Is) as a class and b cumulative exposure to enalapril and captopril compared with those who were exposed to other antihypertensive drugs. Italian Longitudinal Study on Aging, 1992 Aging, -1996 . The asterisk means that the analysis time (time unit: years) indicates the time at risk of the study population. The beginning of time at risk has been stated at the age of 65 years old, respecting the lower limit in age range of participants to the study. The analysis of time exceeds 85 years, indicating that some individuals who remained at risk have passed the age of 85 years. The figure is derived from a model that is adjusted for several parameters (Model 2 in Table 2) life prevented the development of dementia or cognitive impairment in hypertensive patients with no apparent prior cerebrovascular disease (McGuinness et al. 2006 (McGuinness et al. , 2009 . However, in a smaller Cardiovascular Health Study (CHS) Cognition sub-study that followed up 1,054 elderly people with treated hypertension and no diagnosis of CHF after six years, exposure to all ACE-Is was not implicated with the risk of dementia or difference in MMSE scores (Sink et al. 2009 ). Similar findings were made in the CACHE county cohort on both incident AD (Khachaturian et al. 2006) and rate of functional decline in AD (Rosenberg et al. 2008) . However, further analysis within the CHS cohort suggested that the so-called centrally active ACEIs (e.g., lisinopril, perindopril, and ramipril) were associated with a 65% lower decline in MMSE score per year of exposure, but the so-called peripherally acting compounds such as enalapril may contribute to increased AD risk in contrast to ACE-Is that cross the BBB (Sink et al. 2009 ).
The present findings and those from both the CHS (Sink et al. 2009 ) and the CACHE county cohort (Khachaturian et al. 2006; Rosenberg et al. 2008) do not support the existence of a class effect of ACE-Is in protecting against cognitive decline. Other studies suggested that ACE-Is as a class had an elevated HR (Khachaturian et al. 2006) , which to some extent agrees with the trends that we observed with the widely used captopril. Our finding that dicarboxylcontaining enalapril sub-group alone and enalapril plus lisinopril sub-groups combined may reduced the risk of incident MCI contradicts conclusions drawn from studies where ACE-I classification was based on BBB permeability (Sink et al. 2009 ). However, the cognitive outcomes were defined differently in the CHS (incident dementia, cognitive decline, or disability) (Sink et al. 2009 ) and in the ILSA (incident MCI). Furthermore, conflicting evidence exists around the central action of lisinopril (Jackson et al. 1987; Cushman et al. 1989; Furberg and Pitt 2001) and ramipril (Furberg and Pitt 2001; Jouquey et al. 1995) . Clearly, the classification by either chemical structure or BBB penetrability has some limitations. One possible advantage of chemical classification is that structure determines to some extent pharmacological parameters, and the grouping of drugs based on key chemical groups that can have shared functions such as antioxidative properties (Westlin and Mullane 1988) or potential for adverse events (Jaffe 1986) could help identify other drug-molecule-based mechanisms that might be important. These could be properties independent of blood-pressure-lowering effects and inhibition of ACE which already have credible mechanistic links with AD. Such structure-based classifications may be the only means to examine effects, with increasing evidence that viewing ACE-Is as a class is somewhat convenient and based mainly on their primary role, i.e., inhibition of ACE, yet there is a wide variation in the structures involved and lack of interchangeability of ACE-Is in some contexts (Furberg and Pitt 2001) . We are not discounting the principle of classifying ACE-Is according to their ability to cross the BBB; indeed, we would advocate the need for further work to clarify the status of these drugs and perhaps the need for consensus on what constitutes the criteria under which they should be tested and judged. However, in the interim and in the absence of strong consistent evidence for some ACE-Is, we suggest that chemical classification is more robust because the chemical structures are immutable, and indeed, the chemical properties will partly influence the BBB permeability of these drugs as the chemical structure influences a number of factors, including molecule size, charge, and lipophilicity among others; all of which will also need to be assessed and further altered by variable BBB integrity which is common in AD. This is particularly relevant for MCI which is recognized to be a pathology-based condition with a high rate of progression to AD (Petersen et al. 1999) , and thus, the BBB may have already been compromised in our MCI patients. The inclusion in the analyses of untreated hypertensives was important to identify the risk contribution of hypertension to incident MCI (Panza et al. 2010) . The exclusion of this sub-sample would have reduced the risk of incident MCI.
Irrespective of the means of ACE-I classification, there are some studies demonstrating a possible role of ACE-Is in preventing dementia or AD (Fournier et al. 2009 ). There are actually several biological explanations to possibly explain this. The brain possesses an intrinsic RAS, and ACE is overexpressed in the hippocampi of patients with AD (Kehoe and Wilcock 2007; Kehoe et al. 2009 ). Stimulation of the RAS also drives the activation of inflammatory cytokines implicated in AD (Tuppo and Arias 2005; Duron and Hanon 2010) , while angiotensin II, a product of ACE function, has been shown to inhibit acetylcholine release, suggesting therefore that ACE-Is could increase acetylcholine concentration and thus be beneficial for cognition (Barnes et al. 1990 ). There is also decreased cerebral blood flow in AD (Ruitenberg et al. 2005) , and angiotensin II, a vasoconstrictor likely to be involved, also highlights the intervening potential of ACE-Is (Duron and Hanon 2010) . Finally, ACE-Is could mitigate against oxidative stress that is mediated through AT1 receptor activation and which leads to release of glutamate and induced synaptic plasticity (Fournier et al. 2009 ).
Some limitations in the present study should be described. In particular, misclassification bias of the exposure was possible because we do not know whether some subjects were exposed to ACE-Is before baseline. Unmanaged vascular risk factors in middleage may be decisive for the onset of cognitive impairment in late-life (Panza et al. 2010 ). Although our study covered a 3.5-year period, a longer time frame starting from the middle age would have been more ideal. Moreover, the distribution of comorbidity (such as diabetes and stroke where ACE-Is are also indicated) is very heterogeneous among elderly people, and as such, drug biasing towards the null hypothesis on the rates of these diseases is possible. Differences in blood pressure lowering within any class of antihypertensive drugs could contribute to differences in reducing risk of MCI of these medications. We controlled these as much as possible in the analyses, although we faced the complex problem of controlling risks of interest for confounding due to multiple indications. Indeed, we excluded patients with the other main indication for ACE-Is, particularly CHF, and censored them at follow-up. In the ILSA, among factors that are potential risk factors for dementia and might be associated with the response to antihypertensive treatment, thus acting as potential confounders, we did not have information on the apolipoprotein E (APOE) ε4 allele status. Finally, we did not have information on length and severity of hypertension in the ILSA sample. The present promising findings on reduced risk of developing MCI associated with dicarboxyl-containing ACE-Is enalapril sub-group alone or enalapril and lisinopril sub-groups combined in comparison with other antihypertensive medications reinforce previous calls for the need for further larger RCTs on ACE-Is in predementia and dementia syndromes. Nonetheless, these results need to be replicated in independent studies with a greater number of events before taking them into account.
